A half-quadratic block-coordinate descent method for spectral estimation by Ciuciu, Philippe, & Idier, J.
A half-quadratic block-coordinate descent method for
spectral estimation
Philippe Ciuciu, J. Idier
To cite this version:
Philippe Ciuciu, J. Idier. A half-quadratic block-coordinate descent method for spectral esti-
mation. Signal Processing, Elsevier, 2002, 82, pp.941-959. <cea-00333746>
HAL Id: cea-00333746
https://hal-cea.archives-ouvertes.fr/cea-00333746
Submitted on 24 Oct 2008
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de

































































































































































































































































3/Cb :X3/CQ ?£WX-05%ÕVpKhKAC95B9I?BZCJ>;%<G/CQ 6=7¦ïKxTfè7H9;6A2-Pb<G?@/C-;6A2<G/CQNaCZP;3L7:-bC<"D
Ç49Ib;ﬁm2fð3JGQ0-5%<>;%AC7r3JG5B9Á3bPlZC?%9b£<G/:?%9I<>?%7H<G=kbC9I=-0/O0-0J>Z2;6<>-0/d :X35%JG3Q3b2b439ﬁ;K3Jgp>r
su0v.jﬁr3/2bL3J>?%-'5%9ﬁU\9I5%5B9Ib;6-3?)ﬃ`Ñ_,f <>/¨=-07H1CZ2;69b¨<>7@38Q0<G/CQdqxzA435Ba-/C/C<G95





























































































































































































































































































































































































































































































































































































































































 ! .ﬁﬀ«ﬁ(Bﬂﬃ "!ﬂ*gqò#ﬀòﬂ# . ,Hﬂﬀﬂﬀ$Vﬂﬀ  ó{&nò#ﬀ2óﬁ*()ûV&ﬁ*qò#ﬀ










































































































































































xzJG9I35%J"0r«dEs54j`?%AC-W?K;6A43#;T;6AC9îZC3/;6<>;Ó:;6-Ma9^7H<G/C<>7:<>ËI9IbH<G?zîZC3bC563#;6<G=<G/;{    r











































































































































































































































































































































































































































































































































































































m;65B<G=ﬁ;M=I-0/O9ﬁªP<>;ÓN-8U ﬂ R5%9IîÈZC<>5%9?{;6A438;  <G?{?E;65%<>=;%J>=I-0/O9ﬁªÐ3/CbN;%A438;M<>/C9IîÈZ43J><>;Ó
dq|.jz<G?K?B;%5%<>=;Áp

































































































































































































































































































































































































































































































































































































































































































































































































































   ì V 
)ﬀ
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































bC9ÇC/C9Ib}pCcV-JGJG-W<>/CQÑ-JGZCa@3/Cb 0`3/;ﬃy-03/RdEsÁu0v0uj)r  É<G?`<G/O9I5B;%<GaCJ>9






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 y	 L2	\ HVV8  
























ﬀﬂﬁﬃ! "ﬂ#ﬂ$&%('!)*ﬂ+,'.-ﬀ -#,/10&%('!)1*ﬂ+'$ﬂ -#,/324%657+!8!#9ﬀ+.:ﬂ)<;.9=:>7?@'<>!;BA
 ﬁﬀ4*ﬂﬃ "!ﬂ*gqò#ﬀ *I "Ê!#ﬁ(6òñ2ﬂ$$%$ñ4ﬁ()qòI$ò (Bﬂ/, *
C*'D; FEGH%6I!#8:9KJ6LM/HNO-DP1QH%6A!R ﬂSﬂSTUJVC*';PDW<U%



















ﬂ*'D8 UE )D'1XY!;^'4N T^',RDQH%('!)1*ﬂ+' U\(]ﬂ]

T,'R4%
)1Y^ ^)D'1X!Y!;!'!WD'^)*ﬂ+'4% v:D#DS!$ﬂ ^)YF%
#!)93#s1Sw9T!8,vtX*UJ :*TUNﬂo 9ﬂ9po P













>!8!#v:D>Ms1I!#D; 91T8.st> :*!TDo PK%
#<>!;
v:D#DS 98TUJV.PK% s< R4%! -Z%A! -Z%
_J( ,!h eﬁﬀ ;&achﬃﬂ !#" j$%h acb e
S&ﬂ>('
?3R S!#*)^'!) Jo6S&ﬂ> oﬂN6GHN6A^R4N*'8HN[:*TMPK%
 _,+1j[e m*-/.1j ach0ﬂ1
2
+MsD)D# Jis3ﬀﬂﬁﬃP54 JﬂJ	6ﬂ'!)1*ﬂ+'.-DP87J9A6'!)*ﬂ+'$PﬂP
























A.s J -;U .P1 VﬂAs J -;UP%GDYMsﬂ9p%




ﬂAMs JV -;U LP<QH%
f _Y,-Z*"gm*-[?^dm3h e@9A]\CLDGF*







AH% 5 -?3 ^:ﬀXA3 $
d_+%1!h eaihNVacb. fij ach6eij akm *
?-ﬀ S!#*)'!)pJo6SVﬂ>FoﬂN6GUN6AHN*,'D8HN[:*^TPK%
 4J ?3R,/?^-DPDW!?3R4%
!A 9X J '<Y9KJ(A./A!RPPDW9X J '<Y9KJ A.PﬂPK%
e _bc^dm3h eNed
?DR ?^-Z%VA!R AH%is1 ,s%- %
#<>!;
f












9*8THJVPK% 5BATU TMs X,#w93#D8.s3#^9
ATR ATHJt-;U.PK% 5 LDA










5,91GDX^;.sSF\ X UﬂEAM- %!\ﬂ\ﬂ\D%VAD>!Q./ﬂ/*6HE AM-/A^$4%^\ﬂ\\D%VAD> /!-/A>F%VAD> /A -tQ






























ﬂ83XK-  ﬂ83X -p\(W98ﬂTHJ '<Y9pJ 9ﬂI.P \	3$V&ﬂ*'8&J[$P3$,PK%
5,9DX^;.sS!$U\kX UﬂEA -Z%!\ﬂ\ﬂ\%6AD>!Q.//6UEA>M/1AM- %6A -D/1A!$&%!\\ﬂ\%6A>M/^-D/1AD>^Q
9ﬂI^$ 93X;.sS!$ J(I.PK%











































JPCDHK*! 9- " -/*KUCD#&'+*ﬃ".-ﬃ -/*
Y
#
I/T <+>5>5^- "Q&H&' CDI/E




Q&ﬂﬀ!' &324()E/JPCD()EG:;HK-!V)(*(*(+ ' CDH2S-VJPCDQ&,1'4: 83&32424E/H
Q-O`c^d	*5>/.Sf@^<0-
 
T@'4N *21 -43 -/*2 C3T@H&5*  - " -/*
Y
#
H& <+>?;>-5 :;H A&')Q&H83& :9()M& E/(4&' CD()E/A&I/T '4&6 &E/Q5M(4&3N
IG&+C;2)( 287#!CD'4&32 CDI/Q:;')E/()M
J9 :;' '4:;%








'4&' C* U-* -/*  CD'2+*  -* -/* "A
')E/I <+>5><5-*(#()' C:;IFCD()EG:;H CDHN 2B &38()' CDI &32)()E/JPCD()EG:;H
6 E/()MLE/(4&' CD()E/A&ﬀ6 &E/Q5M(4&3N H:;')JJL:@NEﬁ!8+CD()EG:;HK-V)(*(*(C ' CDH2+-U E/Q5H!CDI '4:@83&3242)E/H









CD')IFCD#N *X -/*Z9:+A&J %&'.<+>5>D_-?6 :
N
&(4&')J.E/H























	SCD()EG:;H E/H 83:;J 
#
(4&3N E/JPCDQ5E/H
Q-@VK(*(5(C ' CDH2S-V JPCDQ&
 '4:@83&3242)E/H
Q .[`Rd	*5>5eSf@^<5<5-






























2+*, -/*XCD'484M <+>5>/- :;H24()' CDE/H&3NO'4&32)(4:;' CD()EG:;H CDHN ()M&R'4&383:+A&')TO:
NEG2483:;H()E/H #







I/E/H&+CD' E/JPCDQ&R'4&383:+A&')TZ6 E/()MOM!CDI[F7#!C;N' CD()EG8='4&Q
#
IFCD')E













'4&( CD()EG:;H :^&')EG: N
:;Q5' CDJL2S-
VK(5(*(+ ' CDH2+-U E/Q5H!CDI_ '4:@83&3242)E/H
QL_>O`]?5d	*K<+>5e5eSfﬁ<+>5>/.-
,9IG:`6 E/H2@E]*_1 -/* 6 EG:;H2+*
Y




H&I/IG&32+* (4:;JL& <f! MG3:;')EG&PQgGHG' CDIG&5* XhG()M: N
&32 JPCD()MGJPCD()Eb7#&32^:;#
'



















I/Tj/0/0<5-/ :;HA&$ M!CDIHF7 #!C;N' CD()EG8 8')E/(4&')EFC$CDHN E/H(4&' C;8()E/H
Q CD#OE/I/EFCD')T A;CD')EFCD%
IG&32
 :;' E/JPCDQ&='4&32)(4:;' CD()EG:;HK-!V)(*(*(\ ' CDH2+-V JPCDQ&, '4: 83&32 2)E/H
Q <0O`]?5d	*K<0/0< fﬁ<0/05>-








-/*1 M&E/H%:;IGN(+* -/* <+>?0-
V(4&' CD()E/A& U@:;I/#
()EG:;H : Z9:;H




1$: 8 ;Cec&I/IFCD'+*1 - -/*K<+>?0-N :;HA&$["\H!CDI/T2)EG2+-1')E/H83&(4:;HS=$H
E/A- '4&32 2+-





J[-ﬁVK(5(*(+ ' CDH2+-U E/Q5H!CDI_ '4:@83&3242)E/H
Q ^? `Rd	*D_bSf5b5^-
UC;838 M











()EG:;H NEG248'4&(4& E :;#






E/HK*0 -/* <+>?5?@- U@:;I/#






01:;Q&I]*;1 - 0 -/* 7$JPCDHK* X -:( -/*
Y
CDH #!CD')TB<+>5>/.- V (4&' CD()E/A& JL&()M:@N

























































.ﬃ!%'WXYﬁ U(2;<0 e' [Z















































































































F7H J M'O S
6 M&'4&+C;2 E/HB` %ﬁd
F7H J M'O
MRM=S
- U@:;I/EGN I/E/H&32 CD'4&Zc:;'
1RU * NC;2)MO N
:;()(4&3N I/E/H&32 &H83: N
&PJ.E/H
E/J.E
	SCD()EG:;HU6 E/()M VK1$6 U CDHN NC;24M&3N I/E/H&32=E/HNEG8+CD(4&
()M!CD($J.E/H
E/J.E









































E E/Q-/ 9- ^-e &'P :;')JPCDH83& :1RU CDHN^: , CDI/Q:;')E/()M





CDHN X U &324()E/JPCD(4&O:;H ` %ﬁd	-# M& A&')()EG8+CDI\CeEG2 '4&
'4&324&H(42.()M& 8')E/(4&')EG:;H A5CDI/#&32+- U@:;I/EGN
CDHN NC;24MO N
:;()(4&3N I/E/H&32 CD'4& c:;' J.E/H
E/J.E
	SCD()EG:;HW6 E/()MU19U CDHN : , *K'4&32 &38()E/A&I/T-_ M&
2)(4:
E/H
Q  :;E/H (42$CD'4&=N
&









































E E/Q- 9- _-U JL:@:;()MO2&38()' C '4&383:;H24()')#8(4&3NZ6 E/()MOC 8E/'48#
IFCD'\,9E/%












J M'O QD J M'O
* ` %ﬁd
H:;H83:;H A&$ 8+C;24& 6 M&'4&










































E E/Q- 9- b-ﬁX E
&3N 2&38()' C- `cCd$83:;HA&$a8+C;2 &
J M'O  
` %ﬁd\H:;H83:;HA&$ &$(4&H2)EG:;H 
J   














EG8(4&3N E/H ` %ﬁd	-
[j
